It is unclear whether the sex difference that is known to occur in blood pressure (BP) is similar in some South Asian populations. This study presents a meta-analysis of the sex difference in BP, hypertension and the role of body mass index (BMI) in South Asian diaspora compared with populations of European descent. We systematically searched for studies that reported BP and hypertension among South Asian descent populations living in Europe and North America. Weighted mean differences in BP and risk ratios (RR) for hypertension were calculated for men and women. We included 11 studies in this meta-analysis. In general, men had a higher BP and prevalence of hypertension than women, for example, systolic BP was higher in men than in women among the Indian (7.21 mm Hg, 95% confidence interval (CI): 4.46-9.95) and European populations (6.12 mm Hg, 95% CI: 4.45-7.80). The difference was less in the Pakistani population (4.00 mm Hg, 95% CI: 2.65-5.36). The Bangladeshi population showed a comparatively small sex difference in systolic (2.93 mm Hg, 95% CI: 1.20-4.66) and diastolic BP (0.68 mm Hg, 95% CI: À1.76 to 3.12) and prevalence of hypertension (RR 1.28, 95% CI: 0.66-2.46). Sex differences in BMI for the South Asian populations were greater than those in Europeans. The Indian population had similar sex differences in BP and hypertension compared with Europeans, but Pakistani and Bangladeshi had smaller sex differences. Sex differences in BMI might relate to the blunted sex differences in BP in Pakistani and Bangladeshi populations. Further research should focus on factors that underlie this intriguing sex difference among South Asian populations.
It is unclear whether the sex difference that is known to occur in blood pressure (BP) is similar in some South Asian populations. This study presents a meta-analysis of the sex difference in BP, hypertension and the role of body mass index (BMI) in South Asian diaspora compared with populations of European descent. We systematically searched for studies that reported BP and hypertension among South Asian descent populations living in Europe and North America. Weighted mean differences in BP and risk ratios (RR) for hypertension were calculated for men and women. We included 11 studies in this meta-analysis. In general, men had a higher BP and prevalence of hypertension than women, for example, systolic BP was higher in men than in women among the Indian (7.21 mm Hg, 95% confidence interval (CI): 4.46-9.95) and European populations (6.12 mm Hg, 95% CI: 4.45-7.80). The difference was less in the Pakistani population (4.00 mm Hg, 95% CI: 2.65-5.36). The Bangladeshi population showed a comparatively small sex difference in systolic (2.93 mm Hg, 95% CI: 1.20-4.66) and diastolic BP (0.68 mm Hg, 95% CI: À1.76 to 3.12) and prevalence of hypertension (RR 1.28, 95% CI: 0.66-2.46). Sex differences in BMI for the South Asian populations were greater than those in Europeans. The Indian population had similar sex differences in BP and hypertension compared with Europeans, but Pakistani and Bangladeshi had smaller sex differences. Sex differences in BMI might relate to the blunted sex differences in BP in Pakistani and Bangladeshi populations. Further research should focusIntroduction Most European studies have consistently shown lower blood pressure (BP) levels in women than in men. [1] [2] [3] [4] This sex difference in BP in populations of European descent appears during adolescence and persists up to the age of 60 years. 3, 5 The mechanisms underlying the sex difference in BP are not well understood, but sex hormones have been suggested as a possible cause. [6] [7] [8] The favourable position among women in terms of BP and hypertension is not as clearly observed in South Asian descent populations compared with others. For example, in the Hindustani-Surinamese of South Asian descent, we did not observe a sex difference in hypertension. 9 This large group of migrants living in the Netherlands are, like other South Asian groups, characterized by a high risk of obesity, diabetes and cardiovascular disease. 10 It is unclear whether the lack of sex difference in BP and hypertension among the Hindustani-Surinamese is consistent across other South Asian descent populations living in European and North American countries. Insight into this sex difference in BP and hypertension is necessary, because of the strong relation to cardiovascular disease burden. With this in mind, we therefore assessed sex differences in BP and hypertension across South Asian populations living in Europe and North America. Because body mass index (BMI) has a strong influence on BP, and through that directly on cardiovascular disease, we also assessed sex difference in BMI in populations of South Asian descent as a potential explanation of variations.
In this article we present the results from a systematic review that includes cross-sectional studies to describe sex difference in BP from ethnic groups of South Asian descent compared with European or North American populations. The BP and hypertension data are used in a meta-analysis to pool existing studies and give an overview on sex differences in BP among different South Asian descent populations.
Methods
Search strategy and inclusion criteria Searches were undertaken using MEDLINE (data from January 1966 to August 2009), EMBASE (from January 1980 to December 2008) and Google Scholar electronic databases to identify published articles that reported BP and hypertension in South Asian ethnic groups living in Europe and North America. The term South-Asian refers to populations originating from the Indian subcontinent, effectively, India, Pakistan and Bangladesh. In addition, citations from identified articles were searched and experts in the field were contacted.
We used Medical Subject Heading terms and the following keywords to identify relevant articles: 'blood pressure' or 'hypertension' combined with 'Asian continental ancestry group' or 'South Asian', 'Bangladesh*', 'Pakistan*' or 'India*' both with and without 'Europe'. Our criteria for including studies were population-based study design, reported mean systolic and diastolic BP with measure of variability (95% confidence interval (CI), s.d. or s.e.) by sex, simultaneous study of ancestral South Asian and European descent groups and reported number of participants (n) in each group. The identification and grouping of South Asian subgroups in this article was based on the South Asian subgroups described by the included articles. The information on variability (95% CI or s.e.) was used for the additional quantitative analyses and meta-analysis.
Study selection and data extraction
The MEDLINE search of English language articles resulted in 145 abstracts of which 29 described potential population studies (Figure 1 ). After contacting three authors to request additional data [11] [12] [13] and after full text review, the search resulted in 11 eligible articles (Figure 1 ). [14] [15] [16] [17] [18] [19] [20] [21] [22] The EMBASE and Google Scholar search did not yield additional articles. A cited reference search resulted in one newly identified article. 23 Data were extracted independently by two researchers (JDM and BR) using a data extraction sheet. For studies that reported BP, hypertension and BMI for South Asian subgroups, together with pooled data in an overall South Asian group, only the subgroup level data were extracted because of well-known heterogeneity among South Asians in BP. 24 
Meta-analysis
The meta-analysis was performed using the Cochrane review manager software (Review Manager . For each study, we calculated the weighted mean difference (WMD) and the 95% CI for systolic and diastolic BP and BMI. The data were pooled using the random effect model, because of expected differences in study methods across studies. Risk ratios (RR) and their 95% CI were used to compare hypertension prevalence between men and women in the different ethnic groups. Data were sorted by year of data collection and presented both in a combined South Asian group and for each South Asian subgroup separately. In addition, instead of sorting by year, data were also sorted by mean age of study population to visually assess agespecific patterns of sex differences in BP. (n=1) trial data (n=1) no variability (n=1) longitudinal data (n=1) Figure 1 Flowchart of study selection.
Results

Overview of methods of included studies
Sex difference in BP and BMI among South Asians JSL de Munter et al carried out in the UK, 11, 12, [14] [15] [16] [17] [18] [19] 25 one in the Netherlands 20 and one in Canada 26 ( Table 1 ). The South Asian subgroups and sample size consisted of Indian men (n ¼ 1403) and women (n ¼ 1589), Pakistani men (n ¼ 1209) and women (n ¼ 1300), Bangladeshi men (n ¼ 1084) and women (n ¼ 1142) and the European descent men (n ¼ 22 817) and women (n ¼ 21 393). The mean age, between the studies and in the South Asian (sub)populations, ranged from 33 years 22, 23 to 62 years. 15 We did not observe a clear pattern between the observed sex difference in BP and the mean age of the study population (data not shown).
Participants were sampled from general practitioner registers or health centres and community hospital registries. 12, [14] [15] [16] [17] [18] Two studies used samples from a population or community register. 20, 21 One study used samples from areas as identified by the postcode directory. 12 Two studies used name analysis software to identify South Asians. 17, 18 Three studies reported on multiple South Asian subgroups (Indian, Pakistani, Bangladeshi) separately, 18, 22, 23 others reported only one subgroup or a combined South Asian population. [14] [15] [16] [17] 19, 20, 26 Most studies used Hawksley random zero sphygmomanometers to measure BP, 15, 16, 19 whereas two studies used mercury, 18, 21 or automated devices such as the Omron (OMRON, Omron Matsusaka Co. Ltd, Kyoto, Japan), Dinamap 8100 (GE Healthcare, Critikon, FL, USA) and Roche (F Hoffmann-La Roche Ltd., Basel, Switzerland) sphygmomanometers. 12, 17, 20, 23 Subjects were seated and quiet for at least 5 min before BP measurement. 12, 14, 15, [17] [18] [19] [20] [21] In three studies, 12, 17, 20 the average of the second and third BP reading was reported and in the other studies, the average of two BP readings (Table 1) .
BP differences by sex European. Among the European population groups, WMD in systolic (6.12 mm Hg, 95% CI: 4.45-7.80) and diastolic (4.06 mm Hg, 95% CI: 2.87-5.24) BP levels were consistently higher in men than in women (Figure 2 ).
South Asian group combined. In the combined South Asian group, the mean systolic and diastolic BP levels were higher in men than in women; the sex difference in systolic BP was smaller than in the European group (3.99 mm Hg, 95% CI: 2.58-5.39; Figure 2 ). Findings in this group were similar after excluding the McKeigue study from 1991, which was based on median values (Table 2) .
South Asian subgroups
Indian men had a higher mean systolic (7.21 mm Hg, 95% CI: 4.46-9.95) and diastolic BP (5.63 mm Hg, 95% CI: 2.89-8.37) than Indian women, and showed similar differences to that observed in populations of European origin (Figure 2 ).
Pakistani men also had a higher systolic and diastolic BP than Pakistani women with the differences being smaller than in Europeans and Indians, for example, the overall WMD in systolic BP was 4.00 mm Hg (95% CI: 2.65-5.36) higher and diastolic BP was 1.84 mm Hg (95% CI: 0.43-3.26) higher in men.
Among Bangladeshis, the mean systolic BP was higher (2.93 mm Hg, 95% CI: 1.20-4.66) in men than in women. For diastolic BP, the WMD between Bangladeshi women and men was insignificant.
Hypertension
Six studies provided data on hypertension that was defined as X140/90 or receiving anti-hypertension 17, 18, 20, 22, 23, 26 In all studies, the prevalence of hypertension was higher in men than in women. The overall RR for hypertension in European men was 1.30 (95% CI: 1.16, 1.45) compared with European women (Figure 3 ). In the combined South Asian group, the overall RR for men compared with South Asian women was 1.33 (95% CI: 1.11, 1.59). The prevalence of hypertension was also similarly and significantly higher in Indian and Pakistani men than in women (Figure 3 ). There was a similar but statistically non-significant difference in hypertension prevalence between Bangladeshi men and women.
BMI
Ten studies reported mean BMI in the different population groups. [14] [15] [16] [17] [18] 20, 22, 23, 26 Figure 4 shows the (18) 113 (14) 78 (9) 75 ( 123 (19) 81 (9) 78 (13) 26.6 (3.8)
(4.5)
Whitty et al. Indian 137 (20) 123 (25) 77 (13) 66 ( (20) 128 (18) 77 (14) 75 (12) WMD for BMI within the European origin populations. European men had a slightly higher mean BMI than their female counterparts (0.33; 95% CI: 0.08, 0.57). However, in the South Asian (sub)groups, women had higher mean BMI levels than men (Figure 4) . Sex difference in BP and BMI among South Asians JSL de Munter et al
Discussion
Key findings
Our study shows sex differences in BP and prevalence of hypertension between both South Asian and European ethnic groups. However, there are important differences within the South Asian subgroups compared with the European populations. Indian men had a higher systolic and diastolic BP and a higher prevalence of hypertension than women. This sex difference was similar in Pakistani people, although less so than in the Indian group. In the Bangladeshi group we observed a very small sex difference in mean diastolic BP. The studies that reported on a broad South Asian group also showed less pronounced sex differences in systolic BP compared with the European group. The higher BMI in South Asian women compared with men does not adequately explain the varying pattern in South Asian groups when compared with Europeans, because BMI was higher in Indian and Pakistani women but their BP was lower than that in men.
Discussion of the key findings
The sex differences in BP and hypertension are widely accepted within European populations. Our meta-analysis confirms this clear sex difference in Europeans. The underlying mechanism for the low prevalence of high BP in European women as compared to European men is unclear. It has been suggested that this is the result of the relative protection of the women by oestrogen and/or exacerbation in the men by androgen 27 although hormone replacement therapy has not been shown to consistently lower BP in postmenopausal women. 28 Our study, however, does not fully support this hypothesis because, if correct, it would apply across ethnic groups. The minimal sex difference in BP in Bangladeshi men and women, and the small difference in BP in the Pakistani and other South Asian groups, requires an explanation other than the 'sex hormone' theory.
Previously, we found that the sex difference in hypertension in South Asians was partly explained by higher levels of overweight and obesity. 9 We expected that differences in overweight and obesity between the groups might lead to an explanationon the one hand of the different pattern in sex differences in BP between European and South Asian populations and on the other hand the variation of sex differences in BP within South Asian populations. Conversely, we found a higher mean BMI in the South Asian women than men, whereas in the European group, BMI was almost similar in both the sexes. The BMI data showed a small excess in men, which is unlikely to explain the differences in Europeans. BMI might help explain the smaller BP differential in Pakistani and Bangladeshi populations as BMI was higher in women than men in these populations. In Indians, however, BMI was higher in women but the male excess in BP was clearly present. Reasons for the observed pattern in sex difference for the different South Asian groups might be found in behavioural and environmental differences between the groups such as dietary factors or socioeconomic factors. However, most of the original studies reported no information on this, which requires further study with original data sets containing more variables.
Limitations of the review and included studies Our study included South Asian population groups living in Europe and North American countries with a population of European descent. The search was limited to articles in English. In addition, data were lacking on other South Asian subgroups such as Sri Lankans. Studies did not stratify their analyses by migration status. It is possible that BP levels might differ by migration status (such as first and second generation), which may somewhat affect out study conclusions.
The importance of heterogeneity among South Asian groups has long been emphasized but generally ignored. 29 The differences observed between Indian people on the one hand and Bangladeshi and Pakistani people on the other hand clearly indicate the importance of studying South Asian groups separately rather than combining them.
Methodology was not similar between the studies; some studies sampled South Asian population groups through community hospitals or general practitioner registers, whereas other studies sampled from population registers. Sampling from hospital or general practitioner registers might introduce selection bias by including participants with relatively more complaints compared with participants sampled from population registers. The studies that reported sampling from hospital or general practice also reported excluding those participants with severe disease stages. The included studies span about 19 years, which may potentially affect the comparability and interpretability of the results. Another methodological difference between studies was the included age range. Seven studies reported mean age within each population group. 14, 15, 18, 20, 22, 23, 26 However, no clear age-related pattern of sex differences in BP was found after sorting these studies by age. Also, different BP measurement devices and protocols were used in the studies, which might introduce bias if we compare the absolute mean BP levels between studies. However, we compared relative differences in BP between men and women within studies, which is less sensitive for methodological differences than comparing absolute differences in BP. Differences in study methodology could lead to a larger heterogeneity between the different South Asian populations rather than the true heterogeneity. Because of this possibility, we used the random effects model in our analyses, which is a more conservative approach for estimating differences as compared with the fixedeffects model. The McKeigue study 16 reported median and standard error of the median, but because the mean and median are similar in large samples, we assumed normal distribution and included this study in the figures shown. Excluding the McKeigue study from our analyses did not change the observed results significantly.
Conclusion
We found sex differences in BP and hypertension among the Indian population to be comparable to populations of European descent. In the other populations, we observed less pronounced sex differences in BP and hypertension. The practical implication for this finding is that we cannot generalize the strong sex difference in BP in the European population to other populations. Although the relatively small sex differences in BP in some South Asian populations may be relevant to the diminished sex difference in cardiovascular disease, this clearly does not apply to Indians.
Physicians and practitioners should be aware of this identified heterogeneity in sex differences in BP between population groups, especially in South Asians. The pattern of sex difference in BMI in Europeans fits in well with the sex difference in BP, which shows that there is a need for studies to further unravel any factors that are shaping these differences in other populations, including South Asians living in the Asia Pacific region. More insight is needed in the still intriguing sex differences among diverse ethnic population groups.
